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(54) Radio communications systems 

(57) A mobile telephone system includes a base sta- 
tion which establishes a link with a selected mobile sta- 
tion. The received signal from the mobile station will in- 
clude a noise component as well as a possible interfer- 
ence component from another mobile station operating 
at the same frequency in another cell. 

The base station has a trellis based equalisation 
system which operates on the assumption that the re- 



ceived signal includes components which have a pre- 
dominantly Gaussian characteristic. A switch controller 
determines when the interference component (which is 
non-gaussian) in the received signal becomes a domi- 
nant component and operates to switch a spatio-tempo- 
ral filter into the circuit instead of the trellis based equal- 
isation system, to improve the bit error rate perform- 
ance. 
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D scription 

Background of the invention 

Fieid of the invention 

[0001 ] The present invention relates to radio commu- 
nication systems, in particularbut not exclusively, to mo- 
bile radio communication systems. 

Description of the Prior Art 

[0002] Mobile radio communication systems involve 
an array of cells each served by a respective base sta- 
tion. Each base station communicates with various mo- 
bile stations located within its cell. Radio transmissions 
between a base station and a selected mobile station 
are subject to a variety of impairments. In time division 
multiple access (TDMA) cellular systems like GSM (glo- 
bal systems for mobile communications) or EDGE (en- 
hanced data for GSM evolution), the received signal is 
distorted by the time varying multipath propagation 
channel which causes intersymbol interference. In ad- 
dition, transmissions are impaired by thermal noise that 
results from both environmental noise and the noise 
generated by the circuitry of the receiver. Mobile station 
and base station radio receivers operate on one or more 
noisy and distorted waveforms as obtained by one or 
more receiver antennas. In order to extract the original 
transmitted data from the received waveforms, TDMA 
receivers employ equalisation systems which try to 
compensate for signal distortion and additive distur- 
bances. Such equalisers operate on the basis that each 
signal burst includes a unique set of training symbols. 
Traditionally, TDMA cellular receivers employ trellis 
based receivers for one or more received signals. By 
using known training symbols transmitted within each 
burst, the trellis processor of the equalisation system is 
able to detect the transmitted payload from the noisy 
and distorted received signals. Conventionally trellis 
equalisers operate on a maximum likelihood (ML) (see 
G D Forney Jr, "Maximum likelihood sequence estima- 
tion of digital sequences in the presence of intersymbol 
interference", IEEE Trans Inform Theory, vol IT-18, no 
3, pp 363-378 May 1972) or a maximum a posterion 
probability (MAP) (see L R Bahl, J Cocke, F Jelinek and 
J Raviv, "Optimal decoding of linear codes for maximis- 
ing symbol error rate", IEEE Trans Inform Theory, Vol 
IT-20, pp 284-287, March 1 974) criteria and operate op- 
timally based on the assumption that the noise has a 
Gaussian distribution. 

[0003] An additional problem arises in the presence 
of co-channel interference (CCI). To increase spectral 
efficiency, cellular radio systems usually employ fre- 
quency reuse. While the base stations of immediately 
adjacent cells operate at difference frequencies, the 
number of frequencies available is limited and so some 
cells furtheraway operate at the same frequency. As the 



2 

cells become smaller they become closer together and 
so interference between cells increases, ie a base or 
mobile station in one cell receives not only a signal of 
frequency f from the mobile or base station with which 
5 a link has been established, but also an interference sig- 
nal of frequency f from a mobile or base station in an- 
other cell operating at that same frequency. Because 
such interference signals are not Gaussian, the trellis 
based equalisation system requires a proper spatio- 
10 temporal model of the CCI. If, as is so often the case, 
the disturbance cannot be accurately modelled or the 
estimated, the trellis based equaliser becomes sub-op- 
timum and experiences a significant performance deg- 
radation. Even when a suitable model for the CCI can 
15 be developed, the resulting receiver is often too complex 
to be efficiently implemented. In an interference limited 
scenario, spatio-temporal filtering techniques (see A M 
Kuzminskiy, C Luschi and P Strauch, "Comparison of 
linear and MISE spatio-temporal interference rejection 
20 combing with an antenna array in a f3SM system" in 
Proc VTC 2000, Tokyo, Japan, May. 2000) provide su- 
perior performance especially for multiple antenna re- 
ceivers, However, such techniques perform poorly in 
noise limited scenarios. 
25 [0004] Receivers for implementing a space-time filter- 
ing stage followed by a trellis processor have been pro- 
posed (see A J Paulraj and C B Papadias "Space-time 
processing for wireless communication" IEEE Signal 
Proc Mag, pp 40-84, November 1997). However, partic- 
30 ularly in a software implementation of such an equaliser, 
this strategy will result in a significant increase in imple- 
mentation complexity. 

[0005] It is an object of the present invention to pro- 
vide an improved radio communication system which is 
35 able to deal with both noise and interference disturbanc- 
es in a more efficient and less costly manner. 

Summary of the Invention 

40 [0006] According to the present invention there is pro- 
vided a cellular radio communication system comprising 
a plurality of cells each having a base station serving a 
plurality of mobile stations, at least one of said stations 
having a receiver for receiving a data signal and any ac- 

45 companying noise propagated from the station with 
which a link has been established, and an Interference 
signal propagated from a station in another cell, said at 
least one station having a trellis based equalisation sys- 
tem operative in a sense to detect transmitted data sym- 

50 bots from the accompanying disturbances in the distort- 
ed received signal, a spatio-temporal filter operative to 
process the received signal in a sense to minimise the 
signal distortion and the associated disturbances, and 
a switch responsive to predetermined criteria related to 

55 the value of the power of the noise signal relative to the 
value of the power of interference signal in the received 
signal to switch the received signal from the trellis based 
equalisation system to the spatio-temporal filter and vice 
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versa. 

Bri f Description of th Drawings 

[0007] A cellular radio communication systems em- 
bodying the present invention, will now be described, by 
way of example, with reference to the accompanying di- 
agrammatic drawings, in which: 

Figure 1 is a block diagram of the cellular radio com- 
munication system; 

Figure 2 is a block diagram of part of the switch cir- 
cuit of Figure 1; and 

Figure 3 is a graph of bit error rate versus signal to 
noise ratio for the equaliser and spatio-temporal fil- 
ter of Figure 1 . 

Detailed Description of the Invention 

[0008] The mobile radio communication system 
shown in Figure 1 includes a mobile station 2 commu- 
nicating with the base station 4 of the cell in which the 
mobile station 2 is located. The base station 4 includes 
a plurality of independent differently sited antenna 6A to 
6M (only two of the M antennas being shown namely 6A 
and 6M). Each antenna 6A to 6M feeds into the front 
end of its own receiver, "shown collectively as receiver 
front end 8. 

[0009] The output of each front end is fed via a re- 
spective switch 10 either to a respective trellis based 
equalisation system 12 or a respective spatio-temporal 
filter 1 4. The outputs of the spatio-temporal filters 1 4 are 
combined and fed to a deinterlever 1 6 and the outputs 
of the trellis based equalisation systems 12 are com- 
bined and fed to the same deinterlever 16. The output 
of deinterlever 1 6 is fed to a channel decoderfor decod- 
ing the information data. 

[0010] In operation, the mobile station 2 will transmit 
a data signal 2 to the base station 4. The signal received 
by the base station will be the data signal accompanied 
by noise due to environmental conditions, reflections of 
the data signal due to the surrounding topography and 
interference from another mobile user 20 operating at 
the same frequency but in a remote cell. Added to this 
will be noise generated on the receiver itself resulting in 
the total equivalent noise indicated by way of a respec- 
tive summing circuit 22A to 22M located between each 
antenna 6A to 6M and the front end 8 of the receiver. 
[0011] The trellis based equalisation system, which 
may be a Viterbi ML or MAP equalisation, operates on 
the assumption that the total additive disturbance ac- 
companying the data signal ie thermal noise, plus CCI 
have a Gaussian distribution. When the switch 10 is 
switched to the trellis based equalisation system 1 2, the 
system operates to provide optimum data detection in 
a typical noise limited scenario. 

[0012] Interference from another mobile station how- 
ever does not have a Gaussian distribution and so when 
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the interference reaches a particular level, the perform- 
ance of the trellis based equalisation system starts to 
degrade. It is at this point that the switch 1 0 is switched 
to the spatio-temporal filter 1 4 which implements a linear 
5 or decision feedback filtering aimed at minimising a suit- 
able cost function at its output (eg a least squares "LS" 
cost). In an interference limited scenario, this process- 
ing produces a lower bit error rate than could be 
achieved by the trellis based equalisation system. 
10 [0013] In the case of the spatio-temporal filter 14, the 
filter acts to selectively weight the incoming signal at dif- 
ferent points in time in a sense to minimise the effect of 
the interference on the training symbols and therefore 
on the payload within the data signal. 
15 [0014] The switches 1 0 are operated by a switch con- 
troller 24 which monitors the received signals and oper- 
ates the switches 1 0 in response to predetermined con- 
ditions existing in the received signals. The switching 
criteria is based on a determination of the relationship 
20 between the estimated power level of interference P| 
and the estimated power level of noise P N in the re- 
ceived signal consisting of the data signals, the noise 
signal N and interference signal I. 
[0015] An example of a possible realisation of the 
25 switch controller 24 is shown in Figure 2. A processor 
30 receives training symbols from a store 32 and the 
received signal (S+IM+I) to reconstruct the original data 
signal S. A difference unit 34 receives the received sig- 
nal (S+N+l) and subtracts from it the reconstructed orig- 
30 inal signal from the processor 30 to produce a difference 
signal consisting (N + I) of noise (N) and interference (I) 
only. 

[0016] Noise and interference power P N and P, can 
thus be determined as well as the overall power Ps of 
35 the received signal. 

[0017] Because the average noise power P N is a re- 
ceiver design parameter and remains generally con- 
stant and while the interference power will vary from 
burst to burst, it is possible to determine the values of 
40 p N and P, by relying on a knowledge of the thermal noise 
floor. 

[0018] Given two preselected constants "h^ 1 and "h 2 " 
which are prestored in a look-up-table based on a func- 
tion of the estimated signal to noise ratio (SNR) or the 
45 estimated signal to Interference ratio (SIR) the switching 
criteria under which the switch controller 34 operates is 
as follows. 

[0019] If the estimated SNR is greater than SIR plus 
h 1 dB, the switches 1 0 are switched to the spatio-tem- 
50 poral filter 14. 

[0020] If the estimated SNR is less than SIR and plus 
h 2 dB, then the switches 10 are switched to the trellis 
based equalisation system 1 2. The constants hi and h2 
may be fixed or a function of the estimated SNR or SIR. 
55 it will be understood that the rate can also be implement- 
ed in terms of P N and P, without needing to compute the 
quantities SNR = P^Pm and SIR = P^P,. 
[0021] In order to test the effectiveness of the algo- 
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rithm, a simulation was conducted using the values M 
= h2 = 5dB. The simulation was conducted using an 
EDGE (enhanced data for GSM evolution) receiver with 
two antennas. The interference was asynchronous with 
an SIR of 15dB. It was assumed that a typical urban 
propagation channel was used at a speed of 3 KM/h. 
The bit-error rate was plotted against SNR for the trellis 
equalisation system 12, for the spatio-temporal filter 14 
and for the switched receiver. The results are shown in 
Figure 3 from which the benefits of the present invention 
can be appreciated. 

[0022] While the base station has been described as 
having spatio-temporal filter, a trellis based equalisation 
system and a switch for switching between them, it will 
be appreciated that the same components can be incor- 
porated into the mobile station instead or as well. 
[0023] Also, while the base station has been de- 
scribed as having an array of antenna, it may have only 
a single antenna. While the mobile station has been de- 
scribed as having only a single antenna, it may have 
multiple antennas. While the use of multiple antennas 
generally increases the amount of circuitry used, the 
beneficial effects are that by combining the outputs of 
the different antenna, the data signal can be reinforced 
while the noise and interference signals can be com- 
bined in a manner to be self cancelling. 
[0024] Changes may be made in the combination and 
arrangement of the elements as herein before set forth 
in the specification and shown in the drawings, it being 
understood that changes may be made in the embodi- 
ment disclosed without departing from the spirit and 
scope of the invention and defined in the following 
claims. 



Claims 

1 . A cellular radio communication system comprising 
a plurality of cells each having a base station serv- 
ing a plurality of mobile stations, at least one of said 
stations having a receiver for receiving a data signal 
and any accompanying noise propagated from the 
station with which a link has been established, and 
an interference signal propagated from a station in 
another cell, said at least one station having a trellis 
based equalisation system operative in a sense to 
detect transmitted data symbols from the accompa- 
nying disturbances in the distorted received signal, 
a spatio-temporal filter operative to process the re- 
ceived signal in a sense to minimise the signal dis- 
tortion and the associated disturbances, and a 
switch responsive to predetermined criteria related 
to the value of the power of the noise signal relative 
to the value of the power of interference signal in 
the received signal to switch the received signal 
from the trellis based equalisation system to the 
spatio-temporal filter and vice versa. 



2. A system according to Claim 1 , wherein said at least 
one station comprises the base station. 

3. A system according to Claim 1 or to Claim 2, where- 
5 in said at least one station includes an array of an- 
tennas and the receiver associated with said anten- 
nas operates in a manner to minimise the signal dis- 
tortion and the effect of noise and interference sig- 
nals. 

10 

4. A system according to any preceding claim, where- 
in said trellis based equalisation system operates 
on the basis that the data signal component of the 
received signals is impaired by intersymbol interfer- 
es ence and additive Gaussian disturbances. 

5. A system according to any preceding claim, where- 
in the predetermined criteria is the point at which 
the estimated signal to noise ratio in the received 

20 signal exceeds the estimated signal to interference 
ratio in the received signal by a predetermined 
amount. 

6. A system according to Claim 5, wherein the prede- 
25 termined amount is a function of signal to noise ratio 

SNR or signal to interference ratio SIR. 

7. A system according to Claim 5, wherein the prede- 
termined amount is h 1 dB when the estimated SNR 

30 j s greater than the estimated SIR and h 2 dB when 
the estimated SNR is less than the estimated SIR 
and wherein h-, and h 2 are variable constants. 

8. A system according to Claim 7, wherein h 1 - h 2 . 

35 

9. A system according to any preceding claim, where- 
in said at least one station includes a processor for 
estimating the power of the sum of the said noise 
and interference signals. 

40 

10. A system according to any one of Claims 1 to 8, 
wherein said at least one station includes a store 
for storing a unique set of training symbols, a proc- 
essor for receiving the training symbols from the 

45 store and comparing them with training symbols in 
the received signal to reconstruct the data signal 
therefrom, and difference means for subtracting the 
reconstructed data signal from the received signal 
to provide a combined noise and interference signal 

so from which the power of the noise relative to the 
power of the interference can be determined. 

11. A radio communication system comprising a first ra- 
dio station and a second radio station, at least one 

55 of said stations having a receiver for receiving a da- 
ta signal and any accompanying noise propagated 
from the second station, and an interference signal 
propagated from another station, said at least one 
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of said first and second stations having a trellis 
based equalisation system operative in a sense to 
detect transmitted data symbols from the accompa- 
nying disturbances in the distorted received signal, 
a spatio-temporal filter operative to process the re- 5 
ceived signal in a sense to minimise the signal dis- 
tortion and the associated disturbances, and a 
switch responsive to predetermined criteria related 
to the value of the power of the noise signal relative 
to the value of the power of interference signal in 10 
the received signal to switch the received signal 
from the trellis based equalisation system to the 
spatio-temporal filter and vice versa. 

75 
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